Changes of some photosynthetic properties of high-CO2 grown cells of Chlorella pyrenoidosa during adaptation to low-CO2 conditions have been investigated. The K,,, value of photosynthesis of the high-CO2 grown cells for dissolved inorganic carbon was 3.3 millimolar and decreased to 25 to 30 micromolar within 4 hours after transferring to air. In the presence of saturating CO2 concentrations the photosynthetic activity of the high-CO2 grown cells was 1.5 times as high as that of the low-CO2 grown cells. There was a significant rise of the photosynthetic activity during adaptation of the high-CO2 grown cells to air, followed by a steady decrease. The activity of ribulose 1,5-bisphosphate carboxylase/oxygenase in both the high-and low-CO2 grown cells was close to the photosynthetic activity of the cells. The concentration of ribulose 1,5-bisphosphate (RuBP) was higher in the low-CO2 adapting and low-CO2 grown cells than in the high-CO2 grown cells regardless of the photosynthetic rate.
Rubisco at low CO2 and was decreased to or below the level of the binding sites with increasing atmospheric CO2 concentration. Perchorowicz et al. (17) , however, obtained results with wheat leaves that were not consistent with Farquhar's model.
A mechanism which seems to regulate the CO2 conditions in the cells occurs in green and blue-green algae (2, 11, 14, 19) . Algal cells grown with high-CO2 concentrations seem to lack an effective CO2 concentrating system, but the mechanism to concentrate CO2 in algal cells is induced when they are grown on low-CO2 concentrations such as air (12, 13, 15, 18, 20) . The adaptation to low-CO2 conditions is completed a few hours after transferring the cells, grown on high-CO2 concentrations, to air, and is suppressed by protein synthesis inhibitors (12, 13) . While several studies report the changes in photosynthetic characteristics (12, 13, 15, 19, 21) or changes in carbonic anhydrase levels and Rubisco content (8, 18, 20, 21, 23, 25) that occur when cells are transferred from high-CO2 to low-CO2 conditions, there has been little information on the regulation of the photosynthetic carbon reduction cycle during this adaptation.
In the present paper, we determined Rubisco content, RuBP and PGA concentrations, and photosynthetic activity during adaptation of high-CO2 grown cells of Chlorella pyrenoidosa to growth on air. Based on these results and the apparent ability for RuBP regeneration in high-and low-CO2 grown cells of Chlorella during photosynthesis, some comments are offered on the regulation of photosynthesis in Chlorella. To understand the control of photosynthetic CO2 fixation, it is important to know the limiting step(s) ofphotosynthesis under various environmental conditions. Farquhar et al. (6, 7) and von Caemmerer and Farquhar (22) analyzed the regulation of photosynthetic CO2 fixation in C3 plant photosynthesis. In their model (7) , photosynthetic CO2 fixation in the presence of saturating light is limited by the activity of Rubisco,3 when the CO2 concentration is low, while it is limited by the rate of production of chemical energy on thylakoid membranes or ultimately by the rate of RuBP regeneration from PGA, when the CO2 concentration is saturating. Their model has been supported by Badger et al. (3) , who showed that the concentration of RuBP in bean leaves was much higher than that of the RuBP binding sites of ' (25) . PGA was determined by measuring the absorbancy change of NADH in the conversion of PGA to glycerol-P in the presence of phosphoglycerate kinase, glyceraldehyde 3-P dehydrogenase (NAD+), triose-P isomerase, and glycerol-P dehydrogenase (NAD+) (3 In Figure 2 , the Km value of the high-CO2 grown cells for DIC Figure 2 . The calculation assumed that the regeneration rate of RuBP was constant throughout the experiments in Figure 2 . These calculations (Fig. 4) Figure 2 . The RuBP levels of the low-CO2 adapting cells were much higher than those of the high-CO2 grown cells, indicating that the former cells had a higher efficiency of RuBP regeneration and maintained higher levels of RuBP than the latter.
To further check this observation, the RuBP levels in both cell Throughout the incubation and killing, the suspension was stirred with a magnetic stirrer. The RuBP levels were plotted against the rates of photosynthetic 02 evolution at various given DIC concentrations up to 30 mm in the high-CO2 grown cells and 1 mm in the low-CO2 grown cells (Fig. 6 ). This type of plot is very useful for comparing RuBP levels in both cell types at the same RuBP utilization rates. The RuBP concentration, in the low-CO2 grown cells, showed a peak of 180 nmol mg-' Chl (which occurred at the Km concentration of DIC) and declined to 40 to 120 nmol mg-' Chl at [DIC] which gave rise to the maximum photosynthetic activity. The reason for this large variation is not known. On the other hand, the RuBP level of the high-CO2 grown cells was 1 10 nmol mg-' Chl at the 02 compensation point, and decreased to about 40 nmol mg-' Chl with increasing concentrations of DIC. DISCUSSION The expected changes in the amounts of RuBP and PGA for C3 photosynthesis (24) were obtained in low-CO2 grown Chlorella when bicarbonate was supplied to the cells (Fig. 1) . But when high-CO2 grown cells were transferred to low-CO2 conditions, the changes in the amount of RuBP were not those that we expected (Figs. 2 and 4) . Immediately after the transfer of the high-CO2 grown cells to low-CO2 conditions in the light, the rate of photosynthesis in the cells would be small (Fig. 3) . During this period the [DIC] in the medium increased (due to dissolution of air CO2 to the medium and respiration) and the RuBP concentration increased, an observation consistent with a lack of CO2 in the cells (Fig. 2) . After 3 h, as observed by others ( 18, 20) , the cells had adapted to low-CO2 conditions and the Km (DIC) for photosynthesis had decreased from 3.3 mm to 50 Mm. High rates of photosynthesis would now occur in the cells at the [DIC] of the medium (Figs. 2 and 3 ) but the RuBP level did not decrease.
This unexpected maintenance of high RuBP levels, when the cells were photosynthesizing at high rates, was investigated further in high-CO2 grown cells, in such cells adapting to low-CO2 conditions and in low-CO2 grown cells. It was found that for similar calculated (Fig. 5) or actual (Fig. 6 ) rates ofphotosynthesis the steady state level of RuBP was much higher in low-CO2 grown cells than in high-CO2 grown cells. These observed results suggest that the RuBP regeneration rate had increased when high-CO2 grown cells were transferred to low-CO2 conditions (Fig. 2) and that the regulation of RuBP levels had now changed so that higher concentrations of RuBP were maintained in the cells (Figs. 5 and 6) . The explanation or mechanism for these changes are not fully apparent at the present time. But the catalytic reaction of Rubisco is a two substrate reaction that proceeds in a random mechanism (10) . With this mechanism, a decrease of the concentration of one substrate greatly increases the apparent Km of the enzyme for the other substrate (5). The elevated level of RuBP in low-CO2 adapted cells may allow Rubisco to function at full activity when the CO2 concentration has been increased by the development of the CO2 concentrating mechanism.
When the high-CO2 grown cells were adapting to low-CO2 conditions, there were also complex changes in the Rubisco content (Table I) . During the first 4 h, the Rubisco content increased by 27% and this increase was reflected by a 30% increase in the maximum photosynthetic rate (Fig. 2) . Thereafter, the Rubisco content declined so that the content of cells fully adapted to low-CO2 conditions was only 50% of that observed in the high-CO2 grown cells (Table I 
